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(57) ABSTRACT 

Mislabeled URLs are identi?ed and corrected based upon a 
click relevance ranking computed from user data comprising 
user click information. The click relevance ranking is formed 
by applying a set of relevance ordering rules to user log data 
aggregated by query and URL and by mapping the results of 
the relevance ordering rules into a linear ordering. For a given 
query, the aggregated user log data comprises a relative total 
number of impression, a relative total number of clicks 
received and a rank associated With the query/URL pair at the 
time of the total number of impressions and total number of 
clicks received. The click relevance ranking is used to identify 
and correct mislabeled query/ URL pairs of other rankings 
according to a number of disclosed methods. 
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WEB SEARCHING 

BACKGROUND 

The intemet has vast amounts of information distributed 
over a multitude of computers, thereby providing users With 
large amounts of information on varying topics. This is also 
true for a number of other communication networks, such as 
intranets and extranets. Finding information from such large 
amounts of data can be di?icult. 

Search engines have been developed to address the prob 
lem of ?nding information on a netWork. Users can enter one 
or more search terms into a search engine. The search engine 
Will return a list of netWork locations (e. g., uniform resource 
locators (URLs)) that the search engine has determined con 
tain relevant information. Often search engines rely upon 
human judges to decide on the relevancy of search results. 
This generally involves a group of relevancy experts 
employed or otherWise engaged by a search engine entity to 
hand label a number of query/URL pairs. These labels are 
used for training ranking algorithms, relevance evaluation, 
and a variety of other search engine tasks. 
Human labeling is an expensive and labor intensive task. 

Therefore, ?nancial and logistical constraints only alloW a 
small fraction of query/Web page pairs to be labeled by 
experts. Furthermore, the quality of the labels is of great 
importance as labels are also used as “ground truth” When 
evaluating relevancy performance of search engines. Unfor 
tunately, the quality of some of the human expert labels used 
in search engines may be less than desirable. Further, the 
quality of labels varies among different judges based on their 
experience and quality of Work. For any given query, a sig 
ni?cant number of relevancy labels may be inconsistent or 
incorrect. 

SUMMARY 

This Summary is provided to introduce a selection of con 
cepts in a simpli?ed form that are further described beloW in 
the Detailed Description. This Summary is not intended to 
identify key factors or essential features of the claimed sub 
ject matter, nor is it intended to be used to limit the scope of 
the claimed subject matter. 
As provided herein, the relevance of Web based search 

results can be improved through a method of identifying and 
correcting mislabeled query/URL pairs based upon a click 
relevance ranking computed from user data comprising user 
click information. The click relevance ranking is formed by 
applying a set of relevance ordering rules to user log data 
aggregated by query and URL and by mapping the results of 
the relevance ordering rules into a linear ordering. For a given 
query, the aggregated user log data comprises a relative total 
number of impression, a relative total number of clicks 
received and a rank associated With the query/URL pair at the 
time of the total number of impressions and total number of 
clicks received. The click relevance ranking is used to identify 
and correct mislabeled query/URL pairs of other rankings 
according to a number of disclosed methods. Other embodi 
ments and methods are also disclosed. 

To the accomplishment of the foregoing and related ends, 
the folloWing description and annexed draWings set forth 
certain illustrative aspects and implementations. These are 
indicative of but a feW of the various Ways in Which one or 
more aspects may be employed. Other aspects, advantages, 
and novel features of the disclosure Will become apparent 
from the folloWing detailed description When considered in 
conjunction With the annexed draWings. 
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2 
DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart illustrating an exemplary method of 
improving the relevance of Web based searches. 

FIG. 2 is a How chart illustrating an exemplary method of 
ranking search results. 

FIG. 3 is a table comprising user log data for a single 
exemplary query sorted by URL. 

FIG. 4 is an expanded table comprising user log data for a 
single exemplary query/URL pair and calculated variables for 
determining the normalized click bias. 

FIG. 5 is a How chart illustrating an exemplary method of 
creating a click relevance ordering using click relevance 
ordering rules. 

FIG. 6 is an acyclic graph of the relations betWeen exem 
plary URLs. 

FIGS. 7-10 is a series of acyclic graphs illustrating map 
ping an exemplary acyclic graph into a linear ordering using 
a ?ooding technique. 

FIG. 11 is a block diagram illustrating an exemplary 
method of correcting existing labels by discarding URLs not 
found in a longest common subsequence. 

FIG. 12 is a block diagram illustrating an exemplary 
method of correcting existing labels by discarding URLs not 
found in a longest common subsequence and interpolation. 

FIG. 13 is a block diagram illustrating an exemplary 
method of correcting existing labels by sorting URLs by click 
relevance. 

FIG. 14 is an illustration of an exemplary computer-read 
able medium comprising processor-executable instructions 
con?gured to embody one or more of the provisions set forth 
herein. 

FIG. 15 illustrates an exemplary computing environment 
Wherein one or more of the provisions set forth herein may be 
implemented. 

DETAILED DESCRIPTION 

The claimed subject matter is noW described With reference 
to the draWings, Wherein like reference numerals are used to 
refer to like elements throughout. In the folloWing descrip 
tion, for purposes of explanation, numerous speci?c details 
are set forth in order to provide a thorough understanding of 
the claimed subject matter. It may be evident, hoWever, that 
the claimed subject matter may be practiced Without these 
speci?c details. In other instances, Well-knoWn structures and 
devices are shoWn in block diagram form in order to facilitate 
describing the claimed subject matter. 

FIG. 1 illustrates an exemplary method 100 for improving 
the relevance of Web-searches. 

At 104 a pre-existing relevance ranking is provided for a 
Word query. The pre-existing relevance ranking can be a 
based upon any method or algorithm of relevance ranking. In 
one embodiment, the pre-existing relevance ranking is a pre 
existing ranking that is formed from human expert ranking. 
At 106 search result URLs for the Word query are click 

relevance ranked. Click relevance ranking is performed on a 
plurality of search result query/URL pairs and is based on 
user log information comprising user click data. A set of 
relevancy ordering rules are applied to the user log informa 
tion to form a click relevance ranking. 

At 108 mislabeled query/URL pairs in the pre-existing 
relevance ranking are identi?ed and corrected by utiliZing the 
click relevance ranking. The click relevance ranking and the 
pre-existing relevance ranking are compared using a number 
of different disclosed methods. The comparison identi?es 
errors in the pre-existing relevance ranking. The pre-existing 
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relevance ranking is then modi?ed based upon the click rel 
evance ranking to correct the identi?ed errors. 

FIG. 2 shoWs a How chart illustrating an exemplary method 
200 of click relevance ranking query/ URL pairs based on user 
click data. The method 200 is applied to a plurality of query/ 
URL pairs returned for a Word query. In one embodiment, the 
method relies upon the input of user log data obtained from 
the search results of one or more users and outputs a click 
relevancy ranking. In an alternative embodiment, the method 
relies upon the input of user log data obtained from the search 
results of a speci?c individual, thereby providing “personal 
ized” search results for speci?c individuals. At 204 the user 
log data is aggregated by query and URL. For respective 
query/URL pairs the aggregated user log data comprises a 
total number of impressions (i.e., number of pages shoWn to 
a user), a total number of clicks received, and a rank of the 
query/URL pair at the time of the search associated With the 
total number of impressions and total number of clicks 
received. 

For each query/URL pair a click rate is calculated at 206. 
The click rate is equal to the sum of the total number of 
impressions for each rank divided by the sum of the total 
number of clicks received for each rank. 

The click bias is reduced at 208. Reduction of the click bias 
is performed by calculating a normalized click rate from the 
aggregated user log data. The normalized click rate alloWs an 
unbiased comparison of the relevance of different query/ URL 
pairs associated With the same query. The unbiased compari 
son mitigates the in?uence of ranking on query/URL pair 
relevance. 

At 210 a click relevance ordering is performed. The click 
relevance ordering is performed by applying a set of click 
relevance ordering rules to the aggregated user log data and 
the normalized click rate to form a relevance hierarchy of 
query/URL pairs. The click relevance ordering rules compare 
data (e.g., normalized click rate, total impressions, etc.) asso 
ciated With a ?rst URL to data associated With a second URL 
to determine if the ?rst URL is more relevant than the second 
URL. Click relevance ordering rules are applied to the differ 
ent combinations of the URLs for the Word query. For some 
comparisons, the click relevance ordering rules may be unde 
cided about the relation betWeen the tWo URLs. 
A directed acyclic graph of the relations betWeen query/ 

URL pairs is formed at 212. The results of the click relevance 
order of query/U RL pairs are used to form the acyclic graphic. 
The acyclic graph provides a graphical representation of the 
relevance comparisons betWeen query/URL pairs associated 
With the Word query. 

At 214 the acyclic graph is mapped into a linear ordering. 
Linear ordering determines query/URL pair relations that 
Were undecided by the click relevance ordering rules. Map 
ping the acyclic graph into a linear ordering can be performed 
by a number of methods such as ?ooding, for example. 
A more detailed example of aggregating user log data is set 

forth in FIG. 3. FIG. 3 shoWs a table 300 comprising search 
results for a query/URL pair. The user log data comprises a 
rank 302, a total number of impressions 304, and a total 
number of clicks received 306. The rank 302 is a rank 
assigned to the query/URL pair at the time of the search 
associated With the number of total impressions 304 and the 
number of total clicks 306. Since search engines continually 
update their rankings, each table can have a plurality of roWs 
(e.g., since relevance of a query result generally varies over 
time). Each of the different roWs of FIG. 3 is associated With 
the query/URL pair’s search result at a particular time. The 
total number of impressions 304 is the number of pages 
shoWn to a user for the Word query. The total number of clicks 
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4 
received 3 06 is the total number of times that a user clicked on 
the associated query/URL pair. 

In FIG. 4, a more detailed example of a reduction of click 
bias is set forth in an exemplary table 400. Reduction of click 
bias is performed by determining a normalized click rate. The 
normalized click rate provides a means for a query/URL pair 
With a high ranking to be evenly compared to a query/URL 
pair With a loW ranking. To calculate the normalized click rate 
the aggregated user log data undergoes a number of interme 
diate calculations. A click rate at rank 402 is calculated by 
dividing the number of clicks by the number of impressions. 
For example, in FIG. 4, the click rate at rank 402 for rank 8 is 
1/5. A click Weight at rank is a function of the rank and the total 
number of clicks received, and is calculated, in one example, 
by the formula 

cw = 1 i 

0g P(click| rank) 

It Will be appreciated, hoWever, that other algorithms may be 
utilized for estimating a click bias. Once the click rate at rank 
402 and click Weight at rank 404 are calculated, the normal 
ized click rate can be calculated by taking the sum of the 
product of the number of clicks (Cl) 306 and click Weight at 
rank (CW,) 402 divided by the total number of impressions 
<1.) 304. 

The normalized click rate is calculated for each URL/query 
pair. 
A more detailed example of click relevance ordering rules 

utilized in click relevance ranking is set forth in FIG. 5. In one 
example, the folloWing six click relevance ordering rules 
illustrated in FIG. 5 are utilized: 

if cm~cn and CRm>CRn and NCRm>NCRn (1) 

if Inf-.1" and CRm>CRn and NCRm>NCRn (2) 

iflm~ln and CRm>2><CRn and NCRm=NCRn (3) 

iflm~ln and CRm=CRn and NCRm>2><NCRn (4) 

If CRm>5 0>< C" (6) 

Wherein Cm and C” are the total number of clicks received, 
CR," and CR” are the click rate, NCRm and NCRn are the 
normalized click rate, and Im and In are the total number of 
impressions for a ?rst URL, URL,,,, and a second URL, 
URL”. It Will be appreciated, hoWever, that these rules are 
merely exemplary and that different rules may be utilized to 
determine click relevance. 
At 502 the ?rst relevance order rule (1) is applied. If a ?rst 

URL and a second URL satisfy rule (1) then the ?rst URL is 
determined to be more relevant than the second URL and the 
How chart goes to 514. If the ?rst and second URL do not 
satisfy rule (1), then the second rule (2) is applied at 504 to the 
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?rst and second URLs. If the ?rst URL and the second URL 
satisfy the second rule (2) then the ?rst URL is more relevant 
than the second URL. If the ?rst and second URLs do not 
satisfy the second rule (2) then the third rule is applied at 506 
to both URLs. A similar application of rules (3) to (6) applies 
in 508 to 512. The click relevance ordering rules are applied 
to the different combinations for query/URL pairs for the 
Word query. It is possible that not all relationships betWeen 
query/URL pairs Will be decided by the click relevance order 
ing rules. In such a situation, a subsequent linear order (e.g., 
210 of FIG. 2) provides a click relevance ranking for unde 
cided relationships. 

FIG. 6 sets forth a more detailed example of a directed 
acyclic graph illustrating the relationship betWeen query/ 
URL pairs. In FIG. 6, each URL of the Word query is repre 
sented by a vertex 600. The vertices 600 are connected by 
lines 602 representing comparisons. If URL1 is less preferred 
than URL3, for example, it is denoted in the acyclic graph by 
a line 602 pointing from the vertex associated With URL1 to 
the vertex associated With URL3. For example, in FIG. 6, 
URL1 and URL2 are less preferred than URL3, and URL6 is 
less preferred than URL5. If the relationship betWeen tWo 
URLs is undecided the vertices associated With those URLs 
Will not be connected by a line. 

A more detailed example of mapping the acyclic graph into 
a linear ordering by a ?ooding technique is set forth in FIGS. 
7-10. Initial Weighting assignments 700 of the ?ooding 
method are shoWn in FIG. 7. Initially, a Weight of l is assigned 
to each vertex of the acyclic graph. 

In FIG. 8, the Weights 700 are ?ooded from the rightmost 
leaf nodes 702 to their parent nodes 704. For example, the 
Weight of the leaf nodes URL1 (e. g., l) and URL2 (e.g., l) are 
added to the Weight of the parent node URL3 (e.g., l) to form 
a neW ?ooded Weight of the parent node URL3 (e.g., l+l+ 
1:3). FIGS. 9 and 10 shoW successive steps of the ?ooding 
from leaf nodes 702 to parents nodes 704 applied to the 
acyclic graph of FIG. 6. Once ?ooding is completed, the 
result provides an ordering of the query/URL pairs for the 
Word query according to decreasing Weight values. This com 
plete ordering is the click relevance ranking. 

Once the URL search results are click relevance ranked, the 
click relevance ranking is used to identify and correct misla 
beled URLs in the pre-existing relevance ranking of the Word 
query. Exemplary methods are set forth in FIGS. 11-13 for 
utiliZing the click relevance ranking to identify and correct 
mislabeled URLs in a human expert labeled pre-existing rel 
evance ranking. 

A ?rst embodiment of a method to identify and correct 
mislabeled query/URL pairs is set forth in FIG. 11. The 
longest common subsequence (LCS) is found betWeen the 
click relevance ranking 1100 and the human expert ranking 
1102. Labels associated With query/URL pairs not in the LCS 
are discarded from the human expert ranking 1102. For 
example, in FIG. 11, the LCS is URL1, URL3, URL4, URL5, 
and URL6. Therefore, URL2 is discarded from the human 
expert ranking 1102, resulting in a human expert ranking 
1102 of URL1, URL3, URL4, URL5, and URL6. 
An additional embodiment of a method used to identify 

and correct mislabeled query/URL pairs is set forth in FIG. 
12. The LCS betWeen the human expert ranking 1102 and the 
click relevance ranking 1100 is found. Human expert ranking 
labels 1202 associated With query/URL pairs that are not in 
the LCS are replaced With label values interpolated from the 
click relevance labels 1200. For example, in FIG. 12, URL2 is 
not in the LCS and therefore the human ranking label 1202 
associated With URL2 is set equal to a label value interpolated 
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6 
betWeen the click relevance URL1 label (e.g., 5) and the click 
relevance URL3 label (e.g., 4). 
An additional embodiment of a method used to identify 

and correct mislabeled query/URL pairs is set forth in FIG. 
13. In FIG. 13, a distribution of the human expert labels 1202 
is computed. Click relevance labels 1200 are then assigned 
using the distribution of the human expert labels 1202. For 
example, in FIG. 13 the distribution of the human expert 
labels 1202 is l label 5, l label 4, 2 labels 3, l label 2, andl 
label 1. The distribution of the human expert labels 1202 is 
applied to the click relevance labels 1200, thereby labeling 
URL1 With a 5, URL2 With a 4, URL 3 and URL4 With a 3, 
URL5 With a 2, and URL6 With a 1. 

In a further embodiment of the embodiments shoWn in 
FIGS. 14 and 15, the label associated With the most relevant 
URL is boosted. Boosting is performed When the click rate of 
the most relevant URL increases to a value that is above a 
speci?ed threshold, such that the value of the label associated 
With the mo st relevant URL is increased by l . For example, in 
FIG. 13, if the click rate of URL1 Was above 100, the value of 
the label associated With URL 1 Would change from 5 to 6. 

Still another embodiment involves a computer-readable 
medium comprising processor-executable instructions con 
?gured to apply one or more of the techniques presented 
herein. An exemplary computer-readable medium that may 
be devised in these Ways is illustrated in FIG. 14, Wherein the 
implementation 1400 comprises a computer-readable 
medium 1402 (e.g., a CD-R, DVD-R, or a platter of a hard 
disk drive), on Which is encoded computer-readable data 
1404. This computer-readable data 1404 in turn comprises a 
set of computer instructions 1406 con?gured to operate 
according to one or more of the principles set forth herein. In 
one such embodiment, the processor-executable instructions 
1406 may be con?gured to perform a method of 1408, such as 
the exemplary method 100 of FIG. 1, for example. In another 
such embodiment, the processor-executable instructions 
1406 may be con?gured to implement a system con?gured to 
improve the relevance rank of Web searches for a query. Many 
such computer-readable media may be devised by those of 
ordinary skill in the art that are con?gured to operate in 
accordance With the techniques presented herein. 

Although the subject matter has been described in lan 
guage speci?c to structural features and/or methodological 
acts, it is to be understood that the subject matter de?ned in 
the appended claims is not necessarily limited to the speci?c 
features or acts described above. Rather, the speci?c features 
and acts described above are disclosed as example forms of 
implementing the claims. 
As used in this application, the terms “component,” “mod 

ule,” “system”, “interface”, and the like are generally 
intended to refer to a computer-related entity, either hard 
Ware, a combination of hardWare and softWare, softWare, or 
softWare in execution. For example, a component may be, but 
is not limited to being, a process running on a processor, a 
processor, an object, an executable, a thread of execution, a 
program, and/or a computer. By Way of illustration, both an 
application running on a controller and the controller can be 
a component. One or more components may reside Within a 
process and/or thread of execution and a component may be 
localiZed on one computer and/or distributed betWeen tWo or 
more computers. 

Furthermore, the claimed subject matter may be imple 
mented as a method, apparatus, or article of manufacture 
using standard programming and/or engineering techniques 
to produce softWare, ?rmWare, hardWare, or any combination 
thereof to control a computer to implement the disclosed 
subject matter. The term “article of manufacture” as used 
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herein is intended to encompass a computer program acces 
sible from any computer-readable device, carrier, or media. 
Of course, those skilled in the art Will recognize many modi 
?cations may be made to this con?guration Without departing 
from the scope or spirit of the claimed subject matter. 

FIG. 15 and the folloWing discussion provide a brief, gen 
eral description of a suitable computing environment to 
implement embodiments of one or more of the provisions set 
forth herein. The operating environment of FIG. 15 is only 
one example of a suitable operating environment and is not 
intended to suggest any limitation as to the scope of use or 
functionality of the operating environment. Example comput 
ing devices include, but are not limited to, personal comput 
ers, server computers, hand-held or laptop devices, mobile 
devices (such as mobile phones, Personal Digital Assistants 
(PDAs), media players, and the like), multiprocessor systems, 
consumer electronics, mini computers, mainframe comput 
ers, distributed computing environments that include any of 
the above systems or devices, and the like. 

Although not required, embodiments are described in the 
general context of “computer readable instructions” being 
executed by one or more computing devices. Computer read 
able instructions may be distributed via computer readable 
media (discussed beloW). Computer readable instructions 
may be implemented as program modules, such as functions, 
objects, Application Programming Interfaces (APIs), data 
structures, and the like, that perform particular tasks or imple 
ment particular abstract data types. Typically, the functional 
ity of the computer readable instructions may be combined or 
distributed as desired in various environments. 

FIG. 15 illustrates an example of a system 1500 comprising 
a computing device 1502 (e.g., server) con?gured to imple 
ment one or more embodiments provided herein. In one con 

?guration, computing device 1502 includes at least one pro 
cessing unit 1506 and memory 1508. Depending on the exact 
con?guration and type of computing device, memory 1508 
may be volatile (such as RAM, for example), non-volatile 
(such as ROM, ?ash memory, etc., for example) or some 
combination of the tWo. In the present invention, memory 
comprises a pre-existing relevance ranking component 1510, 
a secondary relevance ranking component 1512, and a 
dynamic program 1514 con?gured to identify mislabeled 
query/URL pairs in the pre-existing relevance ranking based 
on the click relevance ranking. This con?guration is illus 
trated in FIG. 15 by dashed line 1504. 

In other embodiments, device 1502 may include additional 
features and/or functionality. For example, device 1502 may 
also include additional storage (e.g., removable and/or non 
removable) including, but not limited to, magnetic storage, 
optical storage, and the like. Such additional storage is illus 
trated in FIG. 15 by storage 1516. In one embodiment, com 
puter readable instructions to implement one or more 
embodiments provided herein may be in storage 1516. For 
example, the storage may comprise an operating system 1518 
and a search engine 15260 in relation to one or more of the 
embodiments herein. Storage 1516 may also store other com 
puter readable instructions to implement an operating system, 
an application program, and the like. Computer readable 
instructions may be loaded in memory 1508 for execution by 
processing unit 1506, for example. 

The term “computer readable media” as used herein 
includes computer storage media. Computer storage media 
includes volatile and nonvolatile, removable and non-remov 
able media implemented in any method or technology for 
storage of information such as computer readable instructions 
or other data. Memory 1508 and storage 1516 are examples of 
computer storage media. Computer storage media includes, 
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8 
but is not limited to, RAM, ROM, EEPROM, ?ash memory or 
other memory technology, CD-ROM, Digital Versatile Disks 
(DVDs) or other optical storage, magnetic cassettes, mag 
netic tape, magnetic disk storage or other magnetic storage 
devices, or any other medium Which can be used to store the 
desired information and Which can be accessed by device 
1502.Any such computer storage media may be part of device 
1502. 

Device 1502 may also include communication con 
nection(s) 1520 that alloWs device 1502 to communicate With 
other devices. Communication connection(s) 1526 may 
include, but is not limited to, a modem, a NetWork Interface 
Card (NIC), an integrated netWork interface, a radio fre 
quency transmitter/ receiver, an infrared port, a USB connec 
tion, or other interfaces for connecting computing device 
1502 to other computing devices. Communication connec 
tion(s) 1526 may include a Wired connection or a Wireless 
connection. Communication connection(s) 1526 may trans 
mit and/ or receive communication media. 

The term “computer readable media” may include commu 
nication media. Communication media typically embodies 
computer readable instructions or other data in a “modulated 
data signal” such as a carrier Wave or other transport mecha 
nism and includes any information delivery media. The term 
“modulated data signal” may include a signal that has one or 
more of its characteristics set or changed in such a manner as 
to encode information in the signal. 

Device 1502 may include input device(s) 1524 such as 
keyboard, mouse, pen, voice input device, touch input device, 
infrared cameras, video input devices, and/ or any other input 
device. Output device(s) 1522 such as one or more displays, 
speakers, printers, and/ or any other output device may also be 
included in device 1502. Input device(s) 1524 and output 
device(s) 1516 may be connected to device 1502 via a Wired 
connection, Wireless connection, or any combination thereof. 
In one embodiment, an input device or an output device from 
another computing device may be used as input device(s) 
1524 or output device(s) 1522 for computing device 1502. 
Components of computing device 1502 may be connected 

by various interconnects, such as a bus. Such interconnects 
may include a Peripheral Component Interconnect (PCI), 
such as PCI Express, a Universal Serial Bus (USB), ?reWire 
(IEEE 1394), an optical bus structure, and the like. In another 
embodiment, components of computing device 1502 may be 
interconnected by a netWork. For example, memory 1508 
may be comprised of multiple physical memory units located 
in different physical locations interconnected by a netWork. 

Those skilled in the art Will realiZe that storage devices 
utiliZed to store computer readable instructions may be dis 
tributed across a netWork. For example, a computing device 
1530 accessible via netWork 1528 may store computer read 
able instructions to implement one or more embodiments 
provided herein. In one con?guration, computing device 
1530 includes at least one processing unit 1532 and memory 
1534. Depending on the exact con?guration and type of com 
puting device, memory 1506 may be volatile (such as RAM, 
for example), non-volatile (such as ROM, ?ash memory, etc., 
for example) or some combination of the tWo. In one embodi 
ment, computer readable instructions to implement one or 
more embodiments provided herein may be in memory 1534. 
For example, the memory may comprise a broWser 1536 in 
relation to one or more of the embodiments herein. 

Computing device 1502 may access computing device 
1530 and doWnload a part or all of the computer readable 
instructions for execution. Alternatively, computing device 
1502 may doWnload pieces of the computer readable instruc 
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tions, as needed, or some instructions may be executed at 
computing device 1502 and some at computing device 1530. 

Various operations of embodiments are provided herein. In 
one embodiment, one or more of the operations described 
may constitute computer readable instructions stored on one 
or more computer readable media, Which if executed by a 
computing device, Will cause the computing device to per 
form the operations described. The order in Which some or all 
of the operations are described should not be construed as to 
imply that these operations are necessarily order dependent. 
Alternative ordering Will be appreciated by one skilled in the 
art having the bene?t of this description. Further, it Will be 
understood that not all operations are necessarily present in 
each embodiment provided herein. 

Moreover, the Word “exemplary” is used herein to mean 
serving as an example, instance, or illustration. Any aspect or 
design described herein as “exemplary” is not necessarily to 
be construed as advantageous over other aspects or designs. 
Rather, use of the Word exemplary is intended to present 
concepts in a concrete fashion. As used in this application, the 
term “or” is intended to mean an inclusive “or” rather than an 
exclusive “or”. That is, unless speci?ed otherWise, or clear 
from context, “X employs A or B” is intended to mean any of 
the natural inclusive permutations. That is, if X employs A; X 
employs B; or X employs bothA and B, then “X employs A or 
B” is satis?ed under any of the foregoing instances. In addi 
tion, the articles “a” and “an” as used in this application and 
the appended claims may generally be construed to mean 
“one or more” unless speci?ed otherWise or clear from con 
text to be directed to a singular form. 

Also, although the disclosure has been shoWn and 
described With respect to one or more implementations, 
equivalent alterations and modi?cations Will occur to others 
skilled in the art based upon a reading and understanding of 
this speci?cation and the annexed draWings. The disclosure 
includes all such modi?cations and alterations and is limited 
only by the scope of the folloWing claims. In particular regard 
to the various functions performed by the above described 
components (e.g., elements, resources, etc.), the terms used to 
describe such components are intended to correspond, unless 
otherWise indicated, to any component Which performs the 
speci?ed function of the described component (e.g., that is 
functionally equivalent), even though not structurally equiva 
lent to the disclosed structure Which performs the function in 
the herein illustrated exemplary implementations of the dis 
closure. In addition, While a particular feature of the disclo 
sure may have been disclosed With respect to only one of 
several implementations, such feature may be combined With 
one or more other features of the other implementations as 
may be desired and advantageous for any given or particular 
application. Furthermore, to the extent that the terms 
“includes”, “having”, “has”, “With”, or variants thereof are 
used in either the detailed description or the claims, such 
terms are intended to be inclusive in a manner similar to the 
term “comprising.” 

What is claimed is: 
1. A method for improving relevance of Web searches for a 

query, comprising: 
providing a pre-existing relevance ranking of a plurality of 

query/uniform resource locator (URL) pairs, respective 
labels being associated With the plurality of query/URL 
pairs; 

computing a click relevance ranking of the plurality of 
query/URL pairs based upon user log data comprising 
user click data; and 
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10 
identifying and correcting mislabeled query/URL pairs in 

the pre-existing relevance ranking based upon the click 
relevance ranking, 
the user log data comprising: 

respective rank associated With a query/URL pair 
Within the plurality of query/URL pairs at one or 
more times; 

respective total numbers of impressions (I) for the 
rank associated With the query/URL pair; and 

respective total numbers of clicks received (C) for the 
rank associated With the query/URL pair, 

Wherein the click rate (CR) is the sum of the total 
number of clicks for all ranks associated With the 
query/URL pair divided by the sum of the total 
number of impres sions for all ranks associated With 
the query/URL pair, and 

computing the click relevance ranking comprises: 
aggregating the user log data by query and URL; 
reducing click bias; 
creating a click relevance ordering of the plurality of 

query/URL pairs; 
creating a directed acyclic graph of a relevance rela 

tionship betWeen the plurality of query/URL pairs; 
and 

mapping the directed acyclic graph into a linear ordering, 
at least some of one or more of the providing, computing 
and identifying performed at least in part With a micro 
processor. 

2. The method of claim 1, reducing the click bias compris 
1ng: 

corresponding to the total number of clicks received 
divided by the total number of impressions; 

calculating a respective click Weight at rank for the query/ 
URL pair corresponding to: 

calculating a respective normaliZed click rate (NCR) for 
the query/URL pair corresponding to the sum of the 
product of the click rate at rank and the click Weight at 
rank divided by the sum of the click Weight at rank. 

3. The method of claim 2, creating click relevance ordering 
of an mth and nth query/URL pair Within the plurality of 
query/URL pairs comprising utiliZation of a plurality of click 
relevance ordering rules comprising: 

Wherein m:l :k, n:l :k, and kInumber of query/URL pairs 
in user data log; 

and Wherein URL," is more relevant than URL” if any one 
of the plurality of click relevance ordering rules are 
satis?ed. 

4. The method of claim 3, the plurality of click relevance 
ordering rules mitigating contradictory relations in the acy 
clic graph. 
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5. The method of claim 4, mapping the directed acyclic 
graph into a linear ordering performed using a ?ooding tech 
nique. 

6. The method of claim 4, Wherein the user log data is 
limited to a speci?c individual. 

7. The method of claim 1, comprising: 
determining a longest common subsequence (LCS) of the 

plurality of query/URL pairs that is strictly decreasing in 
both the pre-existing and click relevance ranking; and 

removing labels for query/URL pairs Which are not in the 
LCS. 

8. The method of claim 1, comprising: 
determining a LCS of query/URL pairs that is strictly 

decreasing in both the pre-existing and click relevance 
ranking; 

assigning the pre-existing relevance ranking labels associ 
ated With the LCS of query/URL pairs to the click rel 
evance ranking; and 

relabeling a label associated With the query/URL pair not 
in the LCS With a neW label interpolated from the click 
relevance ranking. 

9. The method of claim 8, comprising: 
increasing a value of the label associated With a most 

relevant query/URL pair When the click rate exceeds a 
speci?ed threshold. 

10. The method of claim 1, comprising: 
computing a distribution of labels in the pre-existing rel 

evance ranking; and 
relabeling a label associated With the query/URL pairs in 

the click relevance ranking according to the distribution 
of labels in the pre-existing relevance ranking, the labels 
decreasing With respect to click relevance. 

11. The method of claim 10, comprising: 
increasing a value of the label associated With a most 

relevant query/URL pair When the click rate exceeds a 
speci?ed threshold. 

12. The method of claim 1, the pre-existing relevance rank 
ing comprising human expert ranking. 

13. A system con?gured to improve the relevance of Web 
searches for a query comprising: 

a pre-existing relevance ranking component con?gured to 
rank a plurality of query/URL pairs associated With a 
query; 

a click relevance ranking component con?gured to rank the 
query/URL pairs based upon user click data; and 

a dynamic program con?gured to identify and correct mis 
labeled query/URL pairs in the pre-existing relevance 
ranking based upon the click relevance ranking, 
the user log data comprising: 

respective rank associated With a query/URL pair 
Within the plurality of query/URL pairs at one or 
more times; 

respective total numbers of impressions (l) for the 
rank associated With the query/URL pair; and 

respective total numbers of clicks received (C) for the 
rank associated With the query/URL pair; 
Wherein the click rate (CR) is the sum of the total 
number of clicks for all ranks associated With the 
query/URL pair divided by the sum of the total 
number of impressions for all ranks associated 
With the query/URL pair, and 

the click relevance ranking component con?gured to: 
aggregate user log data by query and URL; 
reduce click bias; 
create a click relevance ordering of the plurality of 

query/URL pairs; 

12 
create a directed acyclic graph of a relevance relation 

ship betWeen the plurality of query/URL pairs; and 
map the directed acyclic graph into a linear ordering, 

at least some of one or more of the pre-existing 

relevance ranking component, click relevance 
ranking component and dynamic program imple 
mented at least in part With a microprocessor. 

14. The system of claim 13, reducing the click bias com 
10 prising: 

corresponding to the total number of clicks received 
divided by the total number of impressions; 

calculating respective click Weight at ranks for the plurality 
of URLs corresponding to: 

l 
logm, and 

20 
calculating respective normaliZed click rates (NCRs) for 

the plurality of URLs corresponding to the sum of the 
product of the click rate at rank and the click Weight at 
rank divided by the sum of the click Weight at rank. 

15. The system of claim 14, creating click relevance order 
ing of an mth and nth query/URL pair comprising utiliZation of 
a plurality of click relevance ordering rules comprising: 

35 
iflm>l00 and 1n>100 and CRm>5><CRn and 

Wherein m:l :k, n:l :k, and kInumber of query/URL pairs 
in user data log; 

40 

and Wherein URL," is more relevant than URL” if any one 
of the plurality of click relevance ordering rules are 
satis?ed. 

16. A method for improving relevance of Web searches for 
a query, comprising: 

45 

providing a pre-existing relevance ranking of a plurality of 
query/uniform resource locator (URL) pairs, respective 
labels being associated With the plurality of query/URL 
pairs; 

aggregating user log data by the query and URL, Wherein 
the user log data comprises a total number of clicks (C) 
and a total number of impressions (l) for the plurality of 
query/URL pairs; 

50 

55 
calculating a click rate (CR) and a normaliZed click rate 

(N CR) for each of the plurality of query/URL pairs; 
creating click relevance ordering of an m”’ and nth query/ 
URL pair comprising utiliZation of a plurality of click 

60 relevance ordering rules comprising: 

if Cm=Cn and CRm>CR,, and NCRm>NCR,,; 

ifIm~In and CRm>CRn and NCRm>NCR,,; 

65 iflm=ln and CRm>2><CRn and NCRm=NCR,,; 
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wherein m:l :k, n:l :k, and kInumber of query/URL pairs 
in user data log; 

and Wherein URL," is more relevant than URL” if any one 
of the plurality of click relevance ordering rules are 
satis?ed; 

creating a directed acyclic graph of a relevance relationship 
betWeen the plurality of query/URL pairs; 

14 
mapping the directed acyclic graph into a linear ordering; 

and 
identifying and correcting mislabeled query/URL pairs in 

the pre-existing relevance ranking based upon the click 
relevance ranking, 

at least some of one or more of the providing, aggregating, 
calculating, creating click relevance ordering, creating a 
directed acyclic graph, mapping and identifying per 
formed at least in part With a microprocessor. 

* * * * * 


